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Description 

Technical field 

The invention relates to a nonaqueous cell comprising an active metai anode consisting of lithium, 
s sodium, calcium, potassium and/or aluminum, a cathode and an ionically conductive electrolyte solution 
containing a solute dissolved In a nonaqueous solvent and wherein said solute consists of a salt of a first 
component of a halide of an element selected from the group consisting of Al, Sb, Zr, and P, and a second 
component of a halide, sulfide, sulfite, oxide or carbonate of calcium or an alkali metal selected from the 
group consisting of Li, Na, and K. In such nonaqueous cells the oxyhalide also acts as the active cathode. 
70 The invention also relates to a method of treating an active metal anode and assembling the anode, along 
with a cathode collector and a nonaqueous electrolyte to produce a cell. 

Background of the art 

The development of high energy battery systems requires, among other things, the compatibility of an 

IS electrolyte possessing desirable electrochemical properties with highly reactive anode materials, such as 
lithium or the like. The use of aqueous electrolytes is precluded In these systems since the anode materials 
are sufficiently active to react with water chemically. It has, therefore, been necessary in order to realize the' 
high energy density obtainable through use of these highly reactive anodes to turn to the investigation of 
nonaqueous eiectroiyte systems. 

20 The term "nonaqueous electrolyte" as used herein refers to an electrolyte which is composed of a 
solute, such as, for example, a metal salt or a complex salt of Group lA, Group II A, Group illA or Group VA 
elements of the Periodic Table, dissolved in an appropriate nonaqueous solvent. The term "Periodic Table" 
as used herein refers to the Periodic Table of Elements as set forth on the inside front cover of the 
Handbook of Chemistry and Physics, 63rd Edition, CRC Press Inc., Boca Raton, Florida, 1982—1983. 

25 A multitude of solutes is known and many have been suggested for use but the selection of a suitable 
solvent has been particulariy troublesome. The ideal battery electrolyte would comprise a solvent-solute 
pair which has a long liquid range, high ionic conductivity and stability. A long range, i.e., high boiling point 
and low freezing point, is essentia! if the battery is to operate at other than normal ambient temperatures. 
High ionic conductivity is necessary if the battery is to have high rate capability. Stability is necessary with 

30 the electrode materials, the materials of cell construction, and the products of the cell reaction to provide 
long shelf life when used in a primary or secondary battery system. 

It has recently been disclosed in the literature that certain materials are capable of acting both as an 
electrolyte carrier, i.e., as solvent for the electrolyte salt, and as the active cathode for a nonaqueous 

35 electrochemical cell. US— A— 3,475,226, US— 3,567,515, and US— A— 3,578,500 each disclose that liquid 
sulfur dioxide or solutions of sulfur dioxide and a cosolvent will perform this dual function in nonaqueous 
electrochemical cells. While these solutions perform their dual function, they are not without several 
disadvantages in use. Sulfur dioxide is always present and being a gas at ordinary temperatures, it must be 
contained in the celt as a liquid under pressure or dissolved in a liquid solvent. Handling and packaging 

^ problems are created If the sulfur dioxide is used alone, and an additional component and assembly step is 
necessary if sulfur dioxide is to be dissolved in a liquid solvent As stated above, a long liquid range 
encompassing normal ambient temperatures is a desirable characteristic in an electrolyte solvent 
Obviously, sulfur dioxide is deficient in this respect at atmospheric pressure. 

German patent application DE— A— 22 62 256 discloses a nonaqueous electrochemical cell 

4B comprising an anode, a cathode collector and a cathode-electrolyte, said cathode-electrolyte comprising a 
solution of an ionically conductive solute dissolved in an active cathode (depolarizer) wherein said active 
cathode (depolarizer) consists of a liquid oxyhalide of an element of Group V or Group VI of the Periodic 
Table. Although oxyhalides can be used effectively as a component part of a cathode-electrolyte In 
conjunction with an active metal anode, such as a lithium anode, to produce a good high energy density 

so cell, it has been observed that if the ceil is stored for a period of about three days or longer, excessive 
passivation of the anode appears to occur which results in undesirable voltage delays at the beginning of 
discharge along with high cell impedance. 

US— Ar-3,993,501 discloses one approach for minimizing or preventing undesirable voltage delays at 
the beginning of discharge of nonaqueous cells employing an oxyhalide-containing cathode-electrolyte by 

55 providing a vinyl polymer film coating on the surface of the anode that contacts the cathode-electrolyte. 
US A 4,218,523 discloses a nonaqueous call comprising an active metal anode, such as lithium, a 
liquid cathode-electrolyte comprising a solute dissolved in a solvent which is an oxyhalide of an element of 
Group V or Group VI of the ■Periodic Table and wherein elemental sulfur or a sulfur compound is 
incorporated into the cathode-electrolyte so as to substantially eliminate initial voltage delay of the cell 

60 during discharge. 

US — ^A — 4,277,545 discloses a nonaqueous cell utilizing an active metal anode, such as lithium, a 
cathode collector and an ionically conductive cathode-electrolyte comprising a solute dissolved In a liquid 
cathode, such as an oxyhalide, and wherein a vinyl polymer is dissolved in the cathode-electrolyte so as to 
substantially eliminate initial voltage delay of the cell during discharge. 
65 US— A— 4,020,240 discloses an electrochemical cell employing an electrolyte salt containing a 



2 



0 111 214 



clovoborate anion structure which functions to retard anode passivation during long time storage even at 
elevated temperatures. 

US — — 4,071,664 discloses an electrochemical cell comprising an active metal anode and an 
electrolyte solvent/cathode depolarizer which reduces anode passivation during long time storage, even at 
s elevated temperatures, by the inclusion of a minor proportion of an electrolyte salt additive having a 
clovoborate anion structure. 

US--A— 4,228,229 discloses a nonaqueous lithium/oxyhalide cell In which the passivation of the 
lithium is effectively eliminated by employing a solute forthe electrolyte solution which includes a complex 
salt resulting from the reaction of at least one ionizable compound with aluminum chloride, and wherein 
said ionizable compound comprises lithium sulphide LigS, lithium oxide LiaO, calcium oxide CaO, or barium 
oxide BaO. 

US — A--4,318,963 discloses a non-aqueous cell comprising an anode including a mixture of an 
oxidizable metal (e.g. Li) with e.g. boron, wherein the amount of the oxidizable metal at the surface portion 
is depleted by partially discharging the cell. 
15 In addition to liquid cathode/lithium cells, solid cathode/lithium cells, e.g. Li/MnOa or Li/FeSa, also 
exhibit a similar type of initial voltage delay due to excessive passivation of the anode. 

One of the objects of the present invention is to substantially prevent the excessive passivation of an 
active metal anode in a nonaqueous cell by pretreatlng the anode with a boron-containing material. 

Another object of the present invention is to provide a method for treating an anode with a 
. 20 boron-containing material prior to being assembled with a cathode and an electrolyte to produce a 
nonaqueous cell in which excessive passivation of the anode is substantially eliminated during storage and 
discharge. 

Another object of the present Invention is to provide a lithium anode having a surface layer of a 
boron-containing material which will effectively eliminate excessive passivation of the anode when it is 
25 contacted with a nonaqueous electrolyte, such as an oxyhalide electrolyte. 

The foregoing and additional objects will become more fully apparent from the following description: 

Disclosure of the invention: 

The invention relates to a nonaqueous electrochemical cell comprising an active metal anode 

30 consisting of lithium, sodium, calcium, potassium and/or aluminium, a cathode and an ionically conductive 
electrolyte solution containing a solute dissolved in a nonaqueous solvent and wherein said solute consists 
of a salt of a first component of a halide of an element selected from the group consisting of Al, Sb, 2r, and 
P, and a second component of a halide, sulfide, sulfite, oxide or carbonate of calcium or an alkali metal 
selected from the group consisting of Li, Na, and K; and wherein said active metal anode has a surface layer 

35 of a boron-containing material thereon. 

The invention also relates to a method for treating an active metal anode and assembling the 
precoated anode along with a cathode and a nonaqueous electrolyte to produce a cell, which comprises: 
la) preparing a boron-containing material, such as LiaBioClioi in a liquid medium, such as SOCIa; 
(b) placing an active metal anode, such as lithium, in the boron-containing liquid medium for a time 

40 period sufficient to form a boron-containing film on at least a portion of the surface of the anode; and 
|c) removing the coated anode from the liquid medium and assembling the anode along with a cathode 
and a nonaqueous electrolyte in a container thereby producing a cell in which excessive passivation of the 
active metal anode is substantially prevented during storage and usage of the cell; 

The nonaqueous electrolyte in step |c) could be any known solute dissolved in a suitable solvent such 

45 as a salt of a first component of a halide of an element selected from the group consisting of Al, Sb, Zr, P 
and B, and a second component of a halide, sulfide, sulfite, oxide or carbonate or calcium or an alkali metal 
selected from the group consisting of Li, Na, and K dissolved in an organic or inorganic solvent. For some 
liquid cathodes, such as the oxyhalides; the cathode may also function as the solvent for the cell with or 
without one or more additional solvents. 

so Boron-containing materials suitable for treating anodes for use in nonaqueous cells employing liquid 
or solid cathodes are salts containing closoborate anions. (The term "closoborate" is used hereto refer to a 
class of polyborane derivatives as defined \r) Inorganic Chemistry, VoL 1, No. 10, Oct. 1, 1068, p. 1947.) The 
salts can be dissolved in a suitable solvent such as thionyl chloride to produce a solution having therein the 
boron-containing component. The amount of salt dissolved in the solution should be sufficient to form on 

55 the surface of an anode submerged In the solution a layer of the boron-containing material that will 
effectively prevent excessive passivation of the treated anode when employed in a nonaqueous ceil, 
preferably a cell employing a liquid cathode such as thionyl chloride. The boron-containing salt could be 
added in any amount in solution as long as It is sufficient to form a layer of the boron-containing material 
on the anode. An anode, such as lithium, could be placed in the solution containing the closoborate anion 

50 for a period of time sufficient to adequately coat the surface of the anode with the boron-containing 
materiaL Exposing the anode in the solution for an excessively long period may not provide any additional 
benefit with regard to preventing excessive passivation of the anode when exposed in a nonaqueous 
solution. However, it should be realized that the period the anode is exposed In the boron-containing 
solution will depend on the type of solution employed, the concentration of the boron-containing material 

55 in the solution, the composition and condition of the anode surface and the.temperature of the solution. 
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Boron-containing materials which are Icnown in the chemical literature and as disclosed in 
US — A— 4,071,664, and which would be useful in this invention are UaBioCiio/ LizBioBrior Li2Bi2C!i2. 
Li2Bi2li2r Li2B6Brg, lJ2Bi2BreF4, Li2BsCl8H, UgBgCIg, lj2B9Br6H3, Li2BiiBrgH2i Li2B-j2H8F<vr Li2Bi2H7F5,. Li2B^2^6^B 
and Li2Bi2FnOH. The preferred material would be Li2BioClio/ UgBgClg and U2Bi2Cli2. Other types of 

5 boron-containing material which may be useful in this invention are boron oxides, boron haiides, boron 
sulfides, boron phosphates, boron sulfates, boron sulfites and boron hydrides. 

Suitable nonaqueous liquid cathode materials for use in cells of this invention could be one or more of 
the liquid oxyhaiides of an element of Group V or Group VI of the Periodic Table and/or one or more of the 
haiides of an element of Group IV to Group VI of the Periodic Table. 

10 If desired, and specifically for the haiides, a cosoivent should be added to the liquid active reducible 
cathode and solute solution to alter the dielectric constant, viscosity or solvent properties of the solution to 
achieve better conductivity. Some examples of suitable cosolvents are nitrobenzene, tetrahydrofuran, 
1,3-dioxotane, 3-methyi-21-oxazolidone, propylene carbonate, y-butyrolactone, sulfolane, ethylene glycol 
sulfite, dimethyl sulfite, benzoyl chloride, dlmethoxyethane, dimethyl isoxazole, diethyl carbonate, sulfur 

IS dioxide and the like. 

In the preferred embodiment of the present invention, there is provided a nonaqueous electrochemical 
system comprising a boron-treated active metal anode, a cathode collector, and a liquid cathode- 
electrolyte comprising a solute dissolved in an active reducible electrolyte solvent such as at least one 
oxyhalide of a Group V or Group VI element of the Periodic Table, with or without a cosoivent. The active 

20 reducible electrolyte solvent performs the dual function of acting as solvent for the electrolyte salt and as 
an active cathode (depolarizer) of the cell. The term "cathode-electrolyte" is used herein to describe 
electrolytes containing solvents that can perform this dual function. 

The use of a single component of the cell as both an electrolyte solvent and active cathode 
(depolarizer) is a relatively recent development since previously it was generally considered that the two 

25 functions were necessarily independent and could not be served by the same material. For an electrolyte 
solvent to function in a cell, it is necessary that it contact both the anode and the cathode (depolarizer) so as 
to form a continuous ionic path therebetween. Thus it has generally been assumed that the active cathode 
material must never directly contact the anode and, therefore, it appeared that the two functions were 
mutually exclusive. However, it has recently been discovered that certain active cathode materials, such as 

30 the liquid oxyhaiides, do not appreciably react chemically with an active anode metal at the interface 
between the metal and the cathode material, thereby allowing the cathode material to contact the anode 
directly and act as the electrolyte carrier. While the theory behind the cause of the inhibition of direct 
chemical reaction is not fully understood at the present time and the applicant does not desire to be limited 
to any theory of invention, It appears that direct chemical reaction is inhibited either by an inherently high 

35 activation energy of reaction or the formation of a thin, protective film on the anode surface. Any protective 
film on the anode surface must not be formed to such an excess that a large increase in anode polarization 
results. 

Although the active reducible liquid cathodes, such as the oxyhaiides, inhibit the direct reaction of 
active metal anode surfaces sufficiently to permit them to act as both the cathode material and as the 

40 electrolyte carrier for nonaqueous cells, they do cause formation of a surface film on the active metal anode 
during cell storage particuiariy at elevated temperatures, which consists of a rather heavy layer of 
crystalline and/or amorphous material. This layer appears to cause excessive passivation of the anode 
which results in voltage deiay on Initial discharge along with high cell. impedance values in the range of 1 1 
to 15 ohms for a standard C-size cell. 

45 The extent of anode passivation can be measured by observing the time required for the closed circuit 
voltage of the stored cell to reach Its intended voltage level after discharge has begun. If this delay exceeds 
20 seconds, that anode passivation would be considered excessive for most applications. What has heen 
observed, for example, in lithium-oxyhalide cell systems Is that after a load is applied across the terminals 
of the ceil, the cell voltage immediately drops below the intended discharge level, then increases at a rate 

so depending on temperature, the thickness of the crystalline layer, and the electrical load. 

The exact composition of this layer is not known. The thickness and density of the layer as well as the 
size and shape of the crystals were observed to vary with the length of the storage period and also with the 
temperature during storage, e.g., at low temperatures there is relatively little growtfi of the layer as 
compared to the greater growth of the layer at higher temperatures of about TO^C. 

55 In accordance with the present invention, it has been found that excessive anode passivation can be 
substantially prevented by treating the anode with a boron-containing material so as to form on the surface 
of the anode a layer orfilm of a boron-containing material. Although not wanting to be bound by theory, it 
is believed that when treating lithium anodes, a lithium boride layer is formed on the surface of the anode 
which will retard excessive passivation of the anode when placed in a liquid oxyhalide solution such as a 

60 thionyl chloride solution. Accordingly, boron oxides, haiides, sulfides etc, would probably boride the 
surface of a lithium anode easier than the closoborates since removal of boron from most of these 
materials through reaction with the lithium metal would occur more readily than from the rather stable 
closoborates. It is also believed that the boride layer formed on the anode is insoluble in an oxyhalide 
solution. 

65 The active liquid reducible cathode material (depolarizer) for use in this invention can either be mixed 
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with a conductive solute which Is a nonreactive material but is added to improve conductivity of the liquid 
active reducible cathode materials, or it can be mixed with both a reactive or nonreactive conductive solute 
and a reactive or nonreactive cosolvent material. A reactive cosotvent material Is one that is 
electrochemicaily active and« therefore, functions as an active cathode material while a nonreactive 

5 cosolvent material is one that is electrochemicaily inactive and, therefore, cannot function as an active 
cathode material. Suitable nonaqueous cathode materials would include sulfuryi chloride, thionyl chloride, 
phosphorus oxychioride, thionyl bromide, chromyt chloridsr vanadyl tribromidei selenium oxychloride, 
selenium tetrafluoride, selenium monobromide, thiophosphoryl chloride, thiophosphoryl bromide, 
vanadium pentafluoride, lead tetrachloride, titanium tetrachloride, disulfur decafluoride, tin bromide 

w trichloride, tin dibromide dichloride, tin tribromide chloride and liquid SOj. 

Suitable solid cathodes would include MnOs, FeSa, VzOs, AgaCrOA^ CF^, C2F and the like. 
A separator, if employed in thecal! of this invention, would have to be chemically inert and insoluble in 
the electrolyte solution and have a porosity so as to permit the liquid electrolyte to permeate through and 
contact the anode of the cell, thus establishing an ion transfer path between the anode and cathode. A 

15 suitable separator for use in this invention is a nonwoven or woven glass fiber mat. 

In liquid cathode cells, any compatible solid which is substantially electronically conductive will be 
useful as a cathode collector, it is desirable to have as much surface contact as possible between the 
cathode-electrolyte and the collector. It is, therefore, preferred to employ a porous collector since it will 
provide a high surface area interface with the liquid cathode-electrolyte. The collector may be metallic and 

20 may be present in any physical form, such as a metallic film, screen or a pressed powder. Preferably, 
however, a pressed powder collector should be made at least partially or carbonaceous or other high 
surface area conductive material. 

The solute may be a simple or double salt which will produce an ionically conductive solution when 
dissolved in the solvent. Preferred solutes are complexes of inorganic or organic Lewis acids and inorganic 

25 ionizabie salts. The main requirements for utility are that the salt whether simple or complex, be 
compatible with the solvent being enripioyed and that it yield a solution which is ionically conductive. 
According to the Lewis or electronic concept of acids and bases, many substances which do not contain 
active hydrogen can act as acids or acceptors of electron doublets. The basic concept is set forth in the 
chemical literature (Joumal of the Franklin Institute, Vol. 225— July/December, 1938, pages 293—313 by G. 

30 N. Lewis). 

A suggested reaction mechanism for the manner in which these complexes function in a solvent is 
described in detail in US— A— 3,542,602 wherein It is suggested that the complex or double salt formed 
between the Lewis acid and the ionizabie salt yields an entity which is more stable than either of the 
components alone. 

35 Typical Lewis acids suitable for use In the present invention include aluminum fluoride, aluminum 
bromide, aluminum chloride, antimony pentachloride, zirconium tetrachloride, phosphorus pentachloride, 
boron fluoride, boron chloride and boron bromide. 

Ionizabie salts useful in combination with the Lewis acids include lithium fluoride, lithium chloride, 
lithium bromide, lithium sulfide, sodium fluoride, sodium chloride, sodium bromide, potassium fluoride, 

40 potassium chloride, potassium bromide, calcium oxide, barium oxide, and lithium carbonate. 

It will be obvious to those skilled in the art that the double salts formed by a Lewis acid and an 
inorganic ionizabie salt may be used as such or the individual components may be added to the solvent 
separately to form the salt or the resulting ions in situ. One such double salt, for example, is that formed by 
the combination of aluminum chloride and lithium chloride to yield lithium aluminum tetrachloride. 

45 Useful anode materials are generally consumable metals and include aluminum, the alkali metals, 
alkaline earth metals and alloys of aiklai metals or alkaline earth metals with each other and other metals. 
The term "alloy" as used herein and In the appended claims Is intended to include mixtures, solid solutions 
such as lithium-magnesium, and intermetadlc compounds such as lithium monoaluminide. The preferred 
anode materials are aluminum, calcium, and the alkali metals such as lithium, sodium and potassium. 

50 \f it is desired to render the electrolyte solution more viscous or convert it Into a gel, a gelling agent 
such as colloidal silica may be added. 

The following example is illustrative of the present Invention and is not intended in any manner to be 
limitative thereof. 

55 Example 

Two lithium anodes measuring 33,0x10,7 mm (1.3 inches by 0.42 inch) were placed in a 0.25 M 
LigBioClio-SOCIz solution for 14 days at 25°C. Each of the treated anodes was then assembled in a 1,2 mm 
iO.475 inch) diameter container along with a nonwoven glass fiber separator and a cathode-electrolyte 
comprising 1.5M LiAICU-SOCIz solution. A similar cell was produced except the anode was untreated. The 
60 three cells so formed were stored for 45 days at 25°C and then each cell was discharged across a 75 ohm 
load. The voltage data obtained versus time are shown in the table. 
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TABLE 
VoitaqB (volts) 
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Treated 
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Cell B 


Time (sec) 
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2.95 


2.91 
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1.20 


2.93 


2.92 
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1.28 


2.93 


2.93 


15 




1.35 


2.94 


. 2.94 


20 


20 


1.42 


2.95 


2.95 


30 



Claims 



1. A nonaqueous cell comprising an active metal anode consisting of lithium, sodium, calcium, 
potassium, and/or aluminum, a cathode and an ionicaliy conductive electrolyte solution containing a solute 
dissolved in a nonaqueous solvent and wherein said solute consists of a salt of a first component of a 
halide of an element selected from the group consisting of Al, Sb, Zr, and P, and a second component of a 
halide, sulfide, sulfite, oxide or carbonate of calcium or an alkali metal selected from the group consisting 
of Li, Na, and K, characterized in that said active metal anode has a surface layer of a boron-containing 
material thereon. 

2. The nonaqueous cell of claim 1, characterized in that the cathode is a liquid cathode which also 
functions as a solvent thereby producing a cathode*electrolyte. 

3. A method for treating an active metal anode consisting of lithium, sodium, calcium, potassium, 
and/or aluminum and assembling the anode, along with a cathode collector and a nonaqueous electrolyte 
to produce a cell, characterized by 

(a) preparing a boron-containing material in a liquid medium; 

(b) placing said active metal anode in the boron-containing medium of step (a) for a time period 
sufficient to form a boron-containing film on at least a portion of the surface of the anode; and 

(c) removing the anode from the liquid medium and assembling the anode along with a cathode and a 
nonaqueous electrolyte in a container thereby producing a cell in which the excessive passivation of the 
active metal anode is substantially prevented during storage and usage of the cell. 

4 The method of claim 3, characterized in that in step (a) the boron-containing material is selected from 
the group consisting of LiaBioCi^O' LigBsClg and LizBiaCI-iz; and in step (c) the cathode is a liquid cathode 
selected from the group consisting of thionyl chloride, sulfuryl chloride, phosphorous oxychloride, thionyl 
bromide, chromyl chloride, vanadyl tribromide, selenium oxychloride, selenium tetrafluoride, selenium 
monobromide, thiophysphoryl chloride, thiophosphoryl bromide, vanadium pentafiuoride, lead 
tetrachloride, titanium tetrachloride, disulfur decafluoride, tin bromide trichloride, tin dibromide dichloride, 
tin tribromide chloride and liquid S02. 

Patentansprtiche 

so 

1. Nichtwassrige Zelle mit einer aktiven Metallanode aus Lithium, Natrium, Kalzium, Kailum und/oder 
Aluminium, einer Kathode und einer ionisch leitenden Elektrolytlosung, die einen geldsten Stoff In einem 
nicht wSssrigen Ldsungsmittel enthSIt und bei der der geldste Stoff aus eInem Salz einer ersten 
Komponente eines Halogenids von einem Element der Gruppe Al, Sb, Zr oder P und einer zweiten 

55 Komponente eines Halogenids, Sulfids, Sulfits, Oxids oder Karbonats von Kalzium oder einem Alkall-Metall 
der Gruppe Li, Na der K besteht, dadurch gekennzeichnet, daB die aktive Metallanode eine 
Oberflachenschicht aus einem borhaltigen Material aufweist. . 

2. Nichtwassrige Zelle nach Anspruch 1, dadurch gekennzeichnet, daS die Kathode einer fiiissige 
Kathode ist, die als Losungsmittei fungiert und dadurch einen Kathodeneiektrolyt darstellt. 

60 3. Verfahren zum Behandein einer aktiven Metallanode aus Lithium, Natrium, Kalzium, Kaiium 
und/oder Aluminium und zum Zusammenbau der Anode zusammen mit einem Kathodensammler und 
einem nichtwassrigen Elektrolyten zu einer Zelle, gekennzeichnet durch 

a) Herstellen eines borhaltigen Materials in einem flussigen Medium; 

b) Einbringen der aktiven Metallanode in dem borhaltigen Medium nach Schritt a) fur eine Dauer, die 
65 ausreicht, einen borhaltigen Film auf zumindest einem Tell der Oberflache der Anode zu bilden; und 
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c) Entfernen der Anode aus dem flusslgen Medium und Zusammenbau der Anode zusammen mit einer 
Kathode und einena nichtwassrigen Etektrolyten in einem Behalter, unn eine Zelle herzusteilen, in der die 
QbeimaBige Passivierung der alctiven Metailanode wShrend der Lagerung und des Gebrauchs der Zelle inn 
wesentlichen vermieden wird. 

s 4. Verfahren nach Ansprucli 3, dadurch gekennzeichnet, daf^ in Schritt (a) das borhaltige Material aus 
der Gruppe Lj2BioCliOf LiaBgClg oder Li2Bi2Cli2 gewahit ist; und daB in Schritt (c) die Kathode eine flussige 
Kathode aus der Gruppe Thionylchlorid, Sulfurylchiorid, Phosphoroxychlorid, Thionylbromid, 
Chromylchlorid, Vanadyltribromid, Selenoxychlorid, Selentetrafluorld, Selenmonobromid, 
Thiophosphorylchlorid, Thiophosphorylbromld, Vanadiumpentafluorid, Bleitetrachlorid, Titantetrachlorid, 

10 Disulfurdecafluorid, Zinnbromidtrichlorid, Zinndibromiddichlorid, Zinntrtbronnidchlorid und flussigem SO2 
ist. 

Revendications 

75 1. Pile non aqueuse connprenant une anode m6tallique active, dont le m§tal conslste en lithium, 
sodium, calcium, potassium et/aluminium, une cathode et une solution d'electrolyte permettant la 
conduction des ions contenant un solute dissous dans un solvant non aqueux et dans laquelle solute 
comprend un sel d'un premier constituant consistent en un halogenure d'un element choisi dans le groupe 
comprenant Al, Sb, Zr et P, et un second constituant consistent en un halogenure, sulfure, sulfite, oxyde ou 

20 carbonate de calcium ou d'un metal alcalin choisi dans le groupe comprenant Li, Na et K, caract6risee en ce 
que Tanode metailique active poss^de une couche superficielle d'une matidre contenant du bore. 

2. Pile non aqueuse suivant la revendication 1, caracterisee en ce que la cathode est une cathode 
iiquide qui joue egalement !e rdle de solvant donnant ains! un electrolyte servant de cathode. 

3. Precede de traitement d'une anode metailique active, dont le metal constste en lithium, sodium, 
25 calcium, potassium et/ou aluminium et d'assemblage de I'anode, avec un coilecteur cathodique et un 

Electrolyte non aqueux, afin de produire une pile, caracterisS en ce qu'il consiste 

(a) d preparer une mati6re contenant du bore dans un milieau Iiquide; 

(b) k placer I'anode metailique active dans le milieu contenant du bore de r§tape (a) pendant une duree 
suffisante pour former un film contenant du bore sur une partie au moins de la surface de Tanode; et 

30 (c) a enlever I'anode du milieu Iiquide et a assembler I'anode avec une cathode et un electrolyte non 
aqueux dans un recipient, produisant ainsi une pile dans laquelle la passivation excessive de I'anode 
metailique active est notablement evitee au cours de I'entreposage et de I'utilisation de la pile. 

4. Precede suivant la revendication 3, caracterise en ce que, dans I'^tape (a), la matiere contenant du 
bore est choisie dans le groupe comprenant LiaBioClioi LizBgCIs et LizBizCIna; et, dans I'dtape (c), la cathode 

35 est une cathode liquide choisie dans le groupe comprenant le chlorure de thionyle, le chlorure de sulfuryle, 
I'oxychlorure phosphoreux, le bromure de thionyle, le chlorure de chromyle, le tribromure de vanadyle, 
I'oxychlorure de selenium, le tetrafluorure de selenium, le monobromure de selenium, le chlorure de 
thiophosphoryle, le bromure de thiophosphoryle, le pentafluorure de vanadium, le tetrachlorure de plomb, 
le tetrachlorure de titane, le d^cafluorure de soufre le trichlorure de bromure d'etain, le dichlorure de 

40 dibromure d'etain, le chlorure de tribomure d'Stain et SOg Iiquide. 
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